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Effect of Mount Pinatubo Aerosols on Total Ozone Measurements
From Backscatter Ultraviolet (BUV) Experiments
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Error introduced by Mount Pinatubo aerosols in total ozone derived by the backscatter ultraviolet
(BUV) technique is described. BUV instruments include the total ozone mapping spectrometer
(TOMS) instrument flying on Nimbus 7 and Meteor 3 satellites and solar backscattered ultraviolet
(SBUYV 2) instruments on NOAA weather satellites. Radiative transfer calculations show that except
at very high solar zenith angles, errors in total ozone derived from the aerosol-contaminated radiances
are less than 2% and vary both in magnitude and in sign with angles of observation. At solar zenith
angles greater than 75° total ozone values may be underestimated by as much as 10% if a large
concentration of aerosols is present near the ozone density peak. In subsolar latitudes, error in total
ozone derived from TOMS as a function of scan angle is very sensitive to the aerosol size distribution
parameters. Aerosol parameters derived from these data agree well with in situ measurements.

1. INTRODUCTION

The eruption of Mount Pinatubo volcano in Philippines on
June 15, 1991, injected large amounts of SO, high into the
stratosphere that quickly converted into a dense sulfuric acid
aerosol layer centered around 26 km [Bluth et al., 1992;
McCormick and Veiga, 1992]. Although the impact of this
aerosol layer on stratospheric chemistry and dynamics is still
under investigation, its impact on stratospheric sounding
instruments, both ground and satellite based, has been
considerable. Earlier studies of the effect of aerosols on
BUYV total ozone retrieval [Dave, 1978] have shown that the
total ozone derived from the backscatter ultraviolet (BUV)
technique is insensitive to tropospheric and lower strato-
spheric aerosols normally found in the Earth’s atmosphere.
However, the impact of a dense aerosol layer located near
the ozone density peak has not been extensively studied.

Observations made by the solar backscattered ultraviolet
(SBUV) instrument [Bhartia et al., 1983] on Nimbus 7
satellite after the eruption of El Chichén volcano in April
1982 showed that the BUV radiances emanating from the
Earth’s atmosphere increased significantly after the erup-
tion. The total ozone derived from these radiances, how-
ever, did not appear to have been affected significantly when
compared to measurements from ground-based Dobson sta-
tions. However, after the eruption of Mount Pinatubo, daily
ozone maps produced from the Nimbus 7/total ozone map-
ping instrument (TOMS) have shown a scan angle depen-
dence in the derived ozone [Schoeberl et al., 1993] in
subsolar latitudes. (Similar artifacts have now been seen in
the TOMS data taken after the eruption of El Chichdn.)

Given the importance of accurate total ozone measure-
ments for understanding the chemical and dynamical behav-
ior of the stratosphere after major volcanic eruptions, we
present here results from an extensive ongoing simulation
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study of the effect of aerosols on total ozone derived from
BUV measurements. Results of this study are applicable to
all operational BUV instruments, which includes the two
TOMS instruments currently flying on NASA’s Nimbus 7
and Russian Meteor 3 satellites, SBUV 2 instruments on
NOAA 9 and 11 satellites, and two post-Pinatubo flights of
the SSBUYV instrument on the space shuttle.

2. OPTICAL PROPERTIES OF SULFURIC ACID AEROSOLS
m UV

The BUV instruments use wavelengths in the Huggins
band (312-331 nm) of the ozone absorption spectrum to
derive total ozone. Wavelengths in the 340- to 380-nm region
are used to estimate cloud and surface reflectivity effects on
the BUV radiances. The effect of aerosols on these radiances
is determined by the scattering cross section and phase
function of the aerosols at the different wavelengths, which
in turn depend upon the size distribution and refractive index
of the aerosol particles.

Figure 1 shows the Mie scattering phase function at two
extreme BUYV total ozone wavelengths. The refractive indi-
ces (n) at the BUV total ozone wavelengths are extrapolated
from the tables given by Palmer and Williams [1975], assum-
ing 75% H,S0, and 25% H,0 solution [Hofmann and
Rosen, 1983]. The parameters of the assumed lognormal
particle size distribution are the best fit values derived using
the procedure discussed later in this paper. As is typical for
aerosol scattering, 42% of the total scattered radiation goes
in the forward direction within a narrow cone of 15° and
about 38% goes in the backscattering direction between 150°
and 180° scattering angles, with the remaining 20% going in
other directions.

The oscillatory structure seen in the backscattering phase
function is very sensitive to the wavelength (Figure 1) and
assumed aerosol parameters. Figure 2 shows the sensitivity
of the backscattering phase function to the index of refrac-
tion (n), the particle size distribution (ry), and the width of
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Fig. 1. Mie scattering phase function (normalized to 1/4m), for
(@) A = 312.5 (n = 1.470 + 0i) and 360.0 nm (n = 1.452 + 0i),
assuming lognormal particle size distribution, with rp = 0.4 um and
& = 1.5. (b) The same phase function on an expanded linear scale in
the backscattering direction only.

the size distribution, as defined by the standard deviation (o)
of the lognormal size distribution function. Under the right
observing conditions the structures in the backscattering
phase function can be directly observed in the TOMS total
ozone data, providing us with a sensitive method to verify if
realistic aerosol optical parameters have been selected for
the radiative transfer model.
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3. EFFECT OF STRATOSPHERIC AEROSOLS
oN BackscATTER ULTRAVIOLET (BUV) RADIANCES

For single scattering the effect of aerosols on backscat.
tered radiances is a function of the scattering angle ® and is
determined by the ratio of aerosol-scattering phase functiog
to the Rayleigh-scattering phase function. For nadir-viewing
instruments (SBUV, SBUV 2, and SSBUV), @ = 7 - g,
where 6, is the solar zenith angle. For the scanning TOMS
instrument the scattering angle is given by

cos ® = cos 6, cos 8 + sin 6, sin 0 cos ¢ (
where @1is the satellite zenith angle and ¢ is the solar azimuth
angle, defined in a Cartesian coordinate system with the Z
axis pointing in the zenith direction at the center of the
instantaneous field of view of the satellite and the X axis
pointing toward the subsatellite point. Figure 3 shows con-
tour maps of scattering angles for the Nimbus 7/TOMS
instrument on two selected days in 1991. Since TOMS scans
perpendicular to the plane of the orbit, scattering angles near
180° can occur only in the subsolar latitudes where the
aerosol backscattering phase function is relatively large and
has the characteristic oscillatory structure (Figure 4). TOMS
data from these latitudes are particularly interesting for
understanding the impact of aerosol on BUV radiances. As
one moves away from the subsolar latitudes, the scattering
angles get below 140°, where the aerosol backscattering
phase function is small and is weakly dependent on the
aerosol parameters (Figure 2). The scan angle dependence of
the phase function also gets weaker (Figure 4). Data from
these latitudes are less useful for deriving aerosol parameters
from the TOMS data.

Although the single-scattering model is useful for gaininga
qualitative understanding of the effects of aerosols on BUV
radiances, effects of higher-order scattering at BUV wave-
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Fig. 2. Sensitivity of aerosol-backscattering phase function at A = 312.5 on aerosol parameters. Change in the
refractive index (n) produces the largest effect. Effect of changing the width of the lognormal size distribution (o) is

relatively small.
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Fig. 3. Scattering angle contours for the total ozone mapping
spectrometer (TOMS) instrument on (left) September 21, 1991, and
(right) December 21, 1991. 0° scan angle represents the nadir view,
positive angles are toward the east of the orbit, and vice versa. The
curves are asymmetric around nadir because of the 1100 LT equator
crossing time (local time at the subsatellite point) of the Nimbus 7
satellite in late 1991.

lengths are quite large and must be taken into account in
modeling the aerosol effect. The radiative transfer program
we have used in this study is a modified version of the VPD
code developed by Dave [1972]. It fully accounts for all
orders of scattering, including the effects of polarization.
Though the effect of the Earth’s sphericity is taken into
account for the incoming radiation, higher-order scattering is
assumed to take place in a plane parallel atmosphere. Recent
calculations (B. Herman, private communication, 1993) us-
ing the full spherical geometry suggest that the errors in the
modified VPD code are small (<1%) at solar zenith angles
less than 80°. In this paper we shall limit our discussion to
these solar zenith angles.
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Fig. 4. Ratio of aerosol to Rayleigh-scattering phase function as
a function of scan angle for 10° latitude bands centered at 0° (solid
curve), 10°N (dotted curve), 20°N, 30°N, and 40°N (dashed curves in
decreasing order of magnitude), for September 21, 1991. Southern
hemisphere figures would be nearly the same. Phase functions are
asymmetric with respect to nadir because the local time of obser-
vations is near 1100.
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Fig. 5. Percentage increase in nadir-measured backscatter ultra-

violet (BUV) radiances as a function of solar zenith angle for aerosol
parameters used for Figure 1. Aerosol to Rayleigh phase function
ratio (dashed curve) is shown for reference. Aerosols are assumed to
have a Gaussian vertical distribution with total optical depth (1) =
0.20, with peaks at 20 km (dotted curve) and 26 km (solid curve), and
o =1 km. Low-latitude ozone profile with total column ozone of 275
m atm cm is assumed.

Figure 5 shows the percentage contribution from aerosols
to the backscattered radiances in the zenith direction, as
seen by the nadir-viewing SBUV series of instruments. At
small solar zenith angles, radiance contribution from aero-
sols is highly correlated with the backscattering phase func-
tion. Given the strong forward scattering peak in the aerosol
phase function (Figure 1), each scattering by the aerosol
particle causes only minor modification in the average direc-
tion of the forward beam. Therefore at small solar zenith
angles, where multiple scattering within the aerosol layer is
relatively small, the primary effect of acrosol scattering is to
add singly scattered radiance to the preexisting scattered
radiances from the atmosphere. At larger solar zenith angles,
when the slant optical path through the aerosols approaches
unity, multiple scattering within the aerosol layer strongly
enhances the backscattered radiation at the expense of the
forward scattered radiation. At non-ozone-absorbing wave-
lengths, the reduced Rayleigh backscattering from the atmo-
sphere below the aerosol layer is not fully compensated by
the aerosol backscattering (for the phase angles being con-
sidered), therefore one observes a net reduction of the
backscattered radiation. However, at ozone-absorbing
wavelengths, high-altitude aerosols may produce a net in-
crease in the backscattered radiation by reducing the absorp-
tion by the ozone column below the aerosol layer. This also
explains why the aerosol height is so important at the
ozone-absorbing 312.5-nm wavelength (Figure 5) but not at
360 nm, where there is negligible ozone absorption. In low
latitudes, where the ozone is concentrated in a relatively thin
layer near 26 km, the ozone column below a 20-km-high
aerosol layer is too small to affect the net ozone absorption.
However, at higher latitudes, where the ozone concentration
peaks at lower altitudes and is more vertically dispersed,
aerosols or thin clouds at even relatively low altitudes can
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Fig. 6. Lambert-equivalent reflectivity (LER) as a function of
solar zenith angle at four BUV wavelengths calculated from aerosol-
enhanced radiances for a true surface reflectivity of 0.3 (horizontal
line). Aerosol altitude is 26 km, other parameters are same as in
Figure 5. Error in BUV-derived total ozone comes from the wave-
length dependence of LER.

produce a large effect [Torres et al., 1992]. Therefore one
must consider relative peaks of aerosol and ozone vertical
profiles to assess the impact of aerosols on BUV radiances.

4. EFFECT OF AEROSOLS ON BUV-DERIVED
TotaL OzZONE AMOUNTS

In the BUV technique, one uses the ratio of radiances
measured at a pair of wavelengths, one strongly ozone absorb-
ing and the other weakly absorbing, to determine the total
column ozone [Klenk et al., 1982]. Since this ratio depends
strongly on surface reflectivity as well as on the ozone amount,
a third wavelength, outside the ozone band, is used to estimate
the reflectivity. The primary total ozone pair, the A pair, is
formed by taking the ratio of the radiances at 312.5- and
331.2-nm wavelengths. The B pair is formed using 317.5 and
331.2 nm for all instruments except Nimbus 7/TOMS, which
uses the ratio of 317.5- and 339.8-nm wavelengths (called B’
pair). Though the B’ pair is more sensitive to surface- and
cloud-related errors than the B pair, it has been used by TOMS
to reduce the effects of instrument chopper synchronization
problems [Herman et al., 1991]. Also, different BUV instru-
ments have used different wavelengths in the 340- to 380-nm
wavelength range to determine the surface reflectivity. In
general, the effects of aerosols on derived total ozone are
different for different pairs and may depend upon which
wavelength is used for deriving the reflectivity. Other observa-
tional parameters, such as surface reflectivity, vertical distri-
bution of the aerosol layer, and vertical distribution of ozone
are also important. For this paper, however, we will limit our
discussion to the basic concepts and consider just a few
representative situations. A more detailed report is scheduled
for publication as a NASA reference document.

To understand the effect of aerosols on total ozone derived
from the BUV experiment, it is useful to consider the
concept of Lambert-equivalent reflectivity (LER), first intro-
duced by Dave [1977]. In this concept, one replaces the true
atmosphere containing clouds and aerosols, bounded by
surfaces that are often non-Lambertian, by a purely Rayleigh
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atmosphere bounded by a fictitious Lambertian surface,
LER is the reflectivity of this surface (R), computed by
solving the following expression for R:

I RT

ho*1zs, @
where [ is the true radiance measured by the satellite, I, i
the backscatter radiance for a surface of zero reflectivity, T
is the once-reflected radiance, and S, is the atmosphere to
surface backscattering. The term in the denominator ac.
counts for multiple reflections from the surface. Iy, T, and
S, are computed from radiative transfer calculations that
include all orders of multiple scattering and polarization in a
Rayleigh-scattering atmosphere containing varying amounts
of ozone [Dave, 1964]. The BUV algorithm assumes that the
LER thus computed is wavelength independent in the BUV
wavelength range (313-380 nm). Otherwise one introduces
an error in derived total ozone given by

eqg =a(R;~ Ry) — b(Ry —R) 3)

where R and R, are LERs at the pair wavelengths A; and A,
and R is the LER at the reflectivity wavelength. Parameters
a and b are obtained by radiative transfer calculations and
are functions of observational parameters. Typical values of
a and b for A pair wavelengths are 3 Dobson units (DU) (1
DU = 1073 m atm cm) and 1 DU, respectively, for a
reflectivity difference of 0.01. Radiative transfer calculations
show that in the presence of tropospheric aerosols contain-
ing no ultraviolet absorbers the calculated LER is very
nearly independent of wavelength. Therefore such aerosols
produce almost no error in deriving total ozone from the
BUYV method [Dave, 1978].

Figure 6 shows the values of LER for the Mount Pinatubo
aerosol, calculated by using (2). Though all LER values
show the characteristic aerosol phase function signature,
like tropospheric aerosols, they show no wavelength depen-
dence at the weakly ozone-absorbing wavelengths. How-
ever, unlike the case of tropospheric aerosols, LER values at
312.5 nm are noticeably different from the other wave-
lengths. Figure 7 shows the difference in LER for the A pair
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Fig. 7. Difference in Lambert-equivalent reflectivity for the A
pair wavelengths for aerosols at 26-km (solid curve) and 20-km
(dashed curve) altitudes. Aerosol parameters are the same as for
Figure 5.
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Fig. 8. Error in total ozone derived from the A pair and 340-nm
reflectivity as a function of solar zenith angle for a nadir-viewing
instrument. Aerosol parameters are the same as for Figure 5.

wavelengths. From (3), one would expect errors in derived
total ozone of roughly 3 times the differences in the LERs
(the second term in (3) being negligible). Figure 8 shows the
ozone error obtained by exact calculation using the opera-
tional BUV algorithm.

The reason the 312.5-nm wavelength behaves differently
than others is easy to understand. In contrast to the other
three wavelengths shown in Figure 6, the 312.5-nm wave-
length is strongly absorbed by ozone. Since there is 131 m
atm cm of ozone below the assumed 26 km altitude of the
aerosol layer, any radiation backscattered by the aerosols
would not see this ozone, hence the increase in LER at very
low solar zenith angles where the aerosol backscattering
phase function is large. At moderate solar zenith angles,
where the backscattering phase function is small, effects of
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aerosol forward scattering dominate, causing increased ab-
sorption by the ozone column below the aerosol layer.
Finally, at very large angles where the large slant path of the
radiation through the aerosol layer is large, backscattering
again starts to dominate, causing decreased absorption.
Clearly, these effects depend on the amount of ozone column
below the aerosol layer, hence the decreased effect of 20-km
aerosol; and by inference, one would expect no effect of
lower tropospheric aerosols, as seen by Dave [1978].

Although the error in BUV-derived total ozone introduced
by Mount Pinatubo aerosols is less than 2% (Figure 8) at
most solar zenith angles, both the magnitude and the sign of
the error vary with solar zenith angle in a way that compli-
cates the analysis of the satellite-derived data when high
accuracy is desired. For example, in an extreme case, the
ozone error may vary from —8 DU at 15° solar zenith angle
to +6 DU at 50° solar zenith angle. These errors would
manifest themselves as seasonally varying artifacts in the
zonal means. Similar differences would be seen in ozone
derived by different satellites that cross a given latitude at
different local times.

In the period since the eruption of Mount Pinatubo, six
BUV instruments have produced total ozone data. These
instruments have flown on satellites that cross the Earth’s
latitudes at widely different local times. In late 1991 the
Nimbus 7 satellite crossed the equator at around 1100 LT,
NOAA 11 at around 1500, and the Meteor 3 satellite is in an
orbit that precesses with respect to the Sun at the rate of 1.7°
per day, which causes the local time of equator crossing to
change by 6.8 min per day. Figures 9 and 10 show that these
differences in equator crossing times can produce very
different error patterns for the three satellites. While the
total ozone errors for the NOAA 11/SBUYV 2 instrument are
always positive in low latitudes (30°S to 30°N), they oscillate
between positive and negative values, depending on the
season, for the nadir measurements of the Nimbus 7/TOMS

R ~—

Latitude

Dec 91

Aug 92

Fig. 9. Shaded areas represent latitudes and times where ozone is overestimated due to aerosols; elsewhere, the
ozone is underestimated. Error is maximum positive along the 50° solar zenith angle contour and maximum negative
along the 15° contour and near the terminator (88° contour). (Top) For the SBUV 2 instrument on NOAA 11 and
(bottom) for the total ozone mapping spectrometer (TOMS) instrument on Nimbus 7 (nadir views only).
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Fig. 10. Same as Figure 9 but for the nadir views of TOMS on the Meteor 3 satellite. Due to the 212-day periodicity
of the Meteor 3 orbit, solar zenith angles and hence the error patterns never repeat exactly, as they do for

Sun-synchronous satellites.

instrument. For both instruments the ozone is underesti-
mated in middle and high latitudes near the time of winter
solstice and overestimated near the time of summer solstice.
The magnitude of these errors depends upon the optical
thickness and altitude of the aerosol layer. For Meteor
3/TOMS the error patterns (Figure 10) are complicated by
the precession of orbit with a period of 212 days. Unlike the
Sun-synchronous satellites the solar zenith angles of obser-
vations and therefore the error patterns never repeat them-
selves. Every 106 days (starting October 1, 1991), the
satellite goes into a twilight orbit when the solar zenith angle
is large at all latitudes. During these times the derived ozone
can have large negative errors (Figure 8).

For the two TOMS instruments currently flying, there is
the additional complication of changing scattering angle with
the scan angle, which causes the errors to vary with the scan
angle of the instrument. Exact calculations show that at
small solar zenith angles these errors can be determined
approximately by using reciprocity, i.e., by replacing the
solar zenith angle in Figure 8 with = — ©, where the
scattering angle @ is given by (1). Referring to Figure 3, error
is maximum negative along the 165° contour line and maxi-
mum positive along the 130° contour line. Because the error
changes sign at the 155° scattering angle, errors in the
subsolar latitudes oscillate along a scan line: from positive
toward the right, negative near the middle, and again posi-
tive toward the left. Consequently, the scan average error is
much smaller than the maximum error of 2% at any single
position in the scan.

5. CoMPARISON BETWEEN MODELED AND OBSERVED ERRORS

With the nadir-viewing SBUV instrument it is difficult to
verify the accuracy of aerosol model calculations by direct
observation. Because the errors are relatively small and the
latitude of observation is highly correlated with solar zenith

angle for polar-orbiting satellites, the characteristic signature
of aerosol phase function cannot be readily separated from
the atmospheric variability of ozone. However, the scanning
feature of the TOMS instrument provides a unique capability
to directly observe these signatures in the data. The TOMS
instrument scans perpendicular to the orbital plane, there-
fore all the measurements in a given scan are at roughly the
same latitude, even though they span a distance of some
2600 km from one end of the scan to the other. Given that the
ozone variability over such distances can be quite large, it is
necessary to work with zonal means at each scan position
rather than with a single scan. Over a week the Nimbus 7
satellite crosses a given latitude about 100 times at many
different longitudes. Therefore if one assumes that each of
the 35 samples taken along a scan line has randomly sampled
the ozone within a given latitude band, in absence of any
retrieval errors, the weekly zonal means derived indepen-
dently from each of the 35 samples should agree to within
their statistical uncertainties. Figure 11 shows that prior to
the eruption of Mount Pinatubo the agreement between the
samples was good, though not perfect (statistical uncertain-
ties are not shown but they are negligible on the scale of the
plot). The cause of this small variation has not been estab-
lished, but small errors in instrument calibration or in
spacecraft attitude knowledge could produce such varia-
tions. These uncertainties notwithstanding, data taken after
the eruption of Mount Pinatubo show a clear and unmistak-
able signature of aerosol-backscattering phase function
(shown in Figure 5) in the scan angle dependence of the
zonal mean.

Figure 12 shows a comparison between the observations
(corrected for a preexisting scan angle dependent artifact
from the previous year) and the modeled errors for various
aerosol size distribution parameters. Since the true ozone in
the observed data is not known, the modeled errors have
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Fig. 11. Scan angle dependence of the zonal mean total ozone
derived from TOMS data in the latitude band 5°S to 5°N, in
September, for several different years.
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been adjusted to match the observations at the 21° scan angle
position, where the model results are insensitive to the
aerosol parameters. Agreement between the modeled error
and the observed data for the lognormal size distribution
parameters, rq = 0.4 um, o = 1.5, is striking. Figure 13
shows the comparison between the model and the observa-
tions for other days and latitude bands. These patterns
change dramatically as the scattering angles change with
latitude and season, as discussed earlier. During this study,
many different combinations of aerosol optical depth, refrac-
tive indices, and size distribution parameters were tried, but
none provided a match with observations as good as the ones
shown. Of course, since there is no practical way to exhaus-
tively search for all possible combinations of these parame-
ters, no claim for uniqueness in deriving these parameters
can be made. For example, we have not tried size distribu-
tions other than lognormal or distributions with double peaks
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Fig. 12. Errorintotal ozone derived from the A pair and 360-nm
reflectivity for the Nimbus 7/TOMS instrument for the average
viewing geometry in the latitude band 5°S to 5°N, on September
10-16, 1991, for three selected values of modal radius for a lognor-
mal distribution (width of the distribution (o) is held constant at 1.5),
compared with the zonal mean total ozone derived from the instru-
ment data (symbols). The measured data have been normalized to
match the solid curve at the 21° scan angle position, where the error
curves are nearly independent of size distribution.
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Fig. 13. Comparison between measured and calculated scan

angle dependence of ozone derived from the Nimbus 7/TOMS
instrument for selected time periods in the latitude band 5°S to 5°N.
Aerosol size distribution parameters are same in all figures, but total
ozone amount ({2), aerosol peak altitude z,, and optical thickness (7)
have been varied to obtain a good fit. Values of these parameters are
(a) @ =263 DU, zg = 25.6 km, 7 = 0.20; () & = 255 DU, z¢ =
26.2 km, 7 = 0.18; and (¢) @ = 248 DU, z¢ = 26.2 km, 7 = 0.16.

that might produce a similar scan angle dependence. Never-
theless, our results are in reasonable agreement with in situ
measurements of the size distribution parameters [Valero
and Pilewskie, 1992].

6. CONCLUSION

Radiative transfer calculations show that the aerosol layer
in the stratosphere created as a consequence of the eruption
of Mount Pinatubo volcano has affected the measurements
of total ozone from the BUV family of instruments, several
of which are currently operating on NASA, NOAA, and
Russian satellites. Total ozone values derived from the
cross-track scanning TOMS instrument on the Nimbus 7
satellite show an aerosol-induced artifact as a function of
scan angle that agrees well with the modeled errors. Since
the modeled scan angle dependence is sensitive to the
aerosol parameters, one can infer these parameters by trial
and error. The results thus derived agree well with in situ
measurements. The agreement between the measured and
modeled results give confidence that the effect of aerosols on
total ozone derived from BUV instruments is well under-
stood.

At low to moderate solar zenith angles (up to 75°), error in
total ozone derived from aerosol-contaminated BUV radi-
ances is of the order of =2%. However, both the magnitude
and the sign of the error are very sensitive to the precise
geometry of observation. For the cross-track-scanning Nim-
bus 7/TOMS instrument the negative and positive errors
tend to cancel each other in the zonal mean, giving errors
generally less than 1%. Comparison with ground-based
Dobson instruments [Gleason et al., 1993] confirm these
conclusions. However, at large solar zenith angles (>75%),
which occur only in high latitudes near the time of winter
solstice (for the Nimbus 7 satellite orbit), the zonal mean
ozone from TOMS may be significantly (2-10%) underesti-
mated. The scan angle dependence of the TOMS observa-
tions in the subsolar latitudes provides a sensitive tool to
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monitor the size distribution parameters of stratospheric
aerosols that are difficult to measure from other remote
sensing instruments.
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